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Simultaneous Measurements of Intracellular [Ca2D]i and [cAMP]i in
Intact Islets to Study the Mechanism Underlying Dopaminergic Inhibition
of Insulin Secretion
Alessandro Ustione, David W. Piston.
Molecular Physiology and Biophysics, Vanderbilt University, Nashville,
TN, USA.
Pancreatic islets secrete multiple hormones, including insulin, that are required
to maintain euglycemia while meeting the energy demand of the body during
everyday activities. We are interested in understanding the interplay between
molecular mechanisms that precisely regulate these secretions. One specific
paracrine modulator, dopamine, functions as a negative regulator of insulin
secretion in the context of the pancreatic islet. It is secreted by the insulin-
producing b-cells, activates an autocrine negative feedback that decreases the
frequency of glucose-stimulated [Ca2þ]i oscillations, and in turn, inhibits insu-
lin secretion. The G-protein coupled dopamine receptors are present in islet
cells, but it is not clear how activation of the these receptors results in the
observed changes in [Ca2þ]i in intact pancreatic islet cells. We are using an
mTurquoise-Based cAMP biosensor with an improved dynamic range (Klaren-
beek, J.B., et al., PLoS One, 2011), along with organic and genetically encoded
Ca2þ-indicator dyes. Labeled cells are studied by live imaging using perfused
pancreatic islet. Spectral unmixing is used to extract the fluorescence
emissions. This experimental setup allows us to monitor the effect of specific
dopamine receptor agonists and antagonists on the two main cellular second
messengers. Also, islets from mice with a genetic target mutation of the
DRD3 (D3-KO) are used to measure how the deletion of the dopaminergic
feedback changes the second messenger dynamics. With the same approach
we are measuring the effects of the overexpression of dopamine receptor D3
in wild-type and D3-KO islets. The information from these experiments will
help elucidate the mechanism of dopamine signaling in the pancreatic islet.
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Determining the Dopaminergic Feedback Pathway in Pancreatic b-Cells
with Fluorescence Fluctuation Spectroscopy
Brittany Caldwell1, Alessandro Ustione2, David Piston1,2.
1Biomedical Engineering, Vanderbilt University, Nashville, TN, USA,
2Molecular Physiology and Biophysics, Vanderbilt University, Nashville,
TN, USA.
Tight regulation of insulin and glucagon, two hormones secreted by the pancre-
atic islet, allows the body to maintain glucose homeostasis. Insulin resistance
coupled with insufficient insulin secretion leads to type 2 diabetes. Insulin
secretion from pancreatic b-cells is regulated by multiple signaling inputs
including the neurotransmitter dopamine. Upon treatment with dopamine, the
amplitude and frequency of intracellular free calcium oscillations in b-cells
decrease, leading to a concomitant decrease in insulin section. We hypothesize
that activation of the dopamine receptor (DRD3) by dopamine releases the Gbg
complex to stimulate a G protein-coupled inwardly-rectifying potassium chan-
nel (GIRK3). This inward current keeps the cell polarized, and reduces currents
through voltage-gated calcium channels (CaV1.2). This model predicts
numerous protein interactions that may only be transient in nature, in particular,
we expect close interactions between the DRD3 and GIRK3 as well as each
of these with the Gbg subunit. To test this hypothesis, we are utilizing fluores-
cence fluctuation spectroscopy to determine protein interactions in stable b-cell
lines. Fluorescence fluctuation spectroscopy provides a method to determine
interaction between two proteins in a live cell that surpasses many of the lim-
itations of FRET. Single and two color studies allow us to determine diffusion
constants of each protein before and after dopamine stimulation and the cross-
correlation, or amount of interaction, between two proteins. Additionally,
brightness analysis can be used to determine homo- and heterodimerization
of the tagged proteins. Diffusion constants, cross-correlation rates, and protein
clustering among the DRD3, GIRK3, and Gbg subunit will be presented.
Through this analysis, the dopamine signaling pathway in pancreatic b-cells
can be determined, which will reveal novel potential therapeutic targets that
can increase insulin secretion during diabetes mellitus.
Other Channels
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Statistical Analysis of Multichannel Signals
Rishabh Kumar1, Prashant Srinivasa2, Horia I. Petrache1.
1Physics, Indiana University Purdue University Indianapolis, Indianapolis,
IN, USA, 2Physics, California Polytechnic State University, San Luis Obispo,
CA, USA.
As opposed to single channel statistics, the analysis of superimposed signals is
complicated due to signal overlap and loss of channel identity. We present astatistical method that uses a newly defined concept of multichannel events.
These events can be easily differentiated and analyzed to provide information
on single channel parameters such as ON and OFF times.
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Novel Step Detection Algorithms for Photobleaching Analysis of Protein
Complexes with Many Subunits
Nathan C. Deffenbaugh1, Yalei Chen1,2, Charles T. Anderson2,3,
William O. Hancock1,2.
1Department of Biomedical Engineering, Penn State University, University
Park, PA, USA, 2Cell and Developmental Biology, Huck Institutes of the Life
Sciences, Penn State University, University Park, PA, USA, 3Department of
Biology, Penn State University, University Park, PA, USA.
Single molecule photobleaching of fluorescently labeled protein complexes is
an effective technique for counting constituent subunits and has been applied
to determine the stoichiometry and oligomerization of several different trans-
membrane proteins including voltage- and ligand-gated ion channels, as well
as the makeup of the cellulose synthesis complex. Fluorophore bleaching oc-
curs as a random process, resulting in discrete intensity drops over time. Step
detection algorithms can be used to identify these steps within noisy signals
in order to determine the total number of fluorescent subunits within a protein
complex. Reliable identification of steps can become difficult however, when
high numbers of subunits are present. Here, we present two step detection
algorithms, one based on modified t-testing and another based on the Bayesian
Information Criterion (BIC), that perform at higher levels of precision than ex-
isting algorithms and account for temporal changes in variance within a signal,
which is expected in photobleaching experiments. We also present a method
for determining a unitary step amplitude associated with bleaching of a single
fluorophore based on a Gaussian Mixture Model.
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Single-File Water Permeation through Aquaporin Channels
Peter H. Nelson.
Physics and Biology, Benedictine University, Lisle, IL, USA.
A diffusive model of osmosis is presented that explains currently available
experimental data. It makes predictions that distinguish it from the traditional
convective flow model of osmosis, some of which have already been confirmed
experimentally and others have yet to be tested. It also provides a simple kinetic
explanation of Raoult’s law and the colligative properties of dilute aqueous so-
lutions. The diffusive model explains that when a water molecule jumps from
low to high osmolarity at equilibrium, the free energy change is zero because
the work done pressurizing the water molecule is balanced by the entropy of
mixing. It also explains that equal chemical potentials are required for particle
exchange equilibrium in analogy with the familiar requirement of equal tem-
peratures at thermal equilibrium. These are topics that should be considered
for inclusion in the redesign of introductory physics courses for the life sciences
(IPLS). The diffusive model also makes detailed predictions for the unidirec-
tional fluxes through single-file aquaporins that can be tested experimentally
or via molecular dynamics simulation. Predictions are made for both non-
equilibrium and equilibrium simulations in which there may or may not be a
water chemical potential difference across the membrane. The effects of both
osmolarity and hydrodynamic pressure differences are included in the model.
DUE-0836833 http://circle4.com/biophysics
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Making an Aquaporin Water-Tight: Structural Basis of Selectivity in
Plant Nodulin 26 Intrinsic Proteins
Zachary G. Beamer1, Tian Li2, Jerome Baudry1, Daniel M. Roberts1.
1Biochemistry and Cellular and Molecular Biology, The University of
Tennessee, Knoxville, TN, USA, 2Genome Science and Technology, The
University of Tennessee, Knoxville, TN, USA.
The evolution of land plants led toan amplification and diversification of the
aquaporin superfamily of membrane channels. Among the subfamilies of plant
specific aquaporin-like changes are the nodulin-26 intrinsic proteins (NIPs)
which are multifunctional transporters of water, ammonia, glycerol and metal-
loid nutrients that participate in a number of osmoregulatory and metabolic
functions. NIPs share the canonical hourglass fold of the aquaporin family,
but possess substitutions within the aromatic arginine (ar/R) selectivity filter.
The nine proteins of the NIP subfamily in the model plant Arabidopsis thaliana
can be subdivided into two ar/R pore subgroups: the NIP subgroup I, which
form aquaglyceroporins that are permeated by glycerol, water and ammonia,
and the NIP subgroup II, which form metalloid transporters which are lack
aquaporin activity and are essentially ‘‘water tight’’. These two NIP pore fam-
ilies differ principally by the substitution of a conserved alanine (NIP subgroup
II) for a conserved tryptophan (NIP subgroup I) in the helix 2 position (H2) of
Tuesday, February 10, 2015 439athe ar/R filter. Based on transport analyses and molecular dynamics simulation,
a model is proposed through which the alanine substitution results in both the
selectivity for critical metalloid nutrients such as boric acid while simulta-
neously restricting water flow through the ar/R selectivity filter. A mechanism
involving two different rotameric states of the conserved arginine residue in
this selectivity region is proposed to be responsible for the water-tight character
of the pore. (Supported in part by NSF grant 1121465).
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Mechanism of Proton Transport of the M2 Proton Channel Studied by
Constant pH Molecular Dynamics
Wei Chen, Jana K. Shen.
Department of Pharmaceutical Sciences, University of Maryland, Baltimore,
MD, USA.
The M2 protein of the influenza virus is a proton-selective homotetrameric
channel. During virus entry, M2 is activated by the low pH of the endosome
and transports protons into the virion, initiating viral uncoating. A histidine
tetrad in the pore of the M2 transmembrane domain is responsible for pH acti-
vation and proton selectivity. A number of different mechanisms have been
proposed for proton transport of M2 based on experimental and computational
studies. To test these hypotheses, we applied the explicit-solvent continuous
constant pH molecular dynamics method to study the pH-dependent conforma-
tional dynamics of M2 in explicit membrane. The calculated pKa values of the
histidine tetrad are comparable to experimental values. The C-terminal openn-
ing of M2 became wider when pH was lowered. This work provides novel
insight into the coupled protonation and conformational dynamics of the M2
proton channel.
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Proton Permeation in Ci-Hv1 Voltage-Gated Proton Channels occurs
through a Proton Wire Involving Residues D160 and D222 and It is Modu-
lated by N264
Amaury Pupo1, David Baez-Nieto1, Ester Otarola1, Osvaldo Yan˜ez2,
Ariela Vergara-Jaque2, Wendy Gonzalez2, Karen Castillo1,
Gustavo Contreras1, H. Peter Larsson3, Ramo´n Latorre1, Carlos Gonzalez1.
1Centro Interdisciplinario de Neurociencia de Valparaiso, Valparaiso, Chile,
2Universidad de Talca, Talca, Chile, 3University of Miami, Miami, FL, USA.
Hv1 channels are integral membrane proteins with the capacity to selectively
permeate protons in a voltage and pH-dependent manner. As Hv1 lacks a
pore domain, permeation must occur through the voltage-sensing domain. Pre-
vious reports propose a permeation pathway consisting in a stable water wire
which allows proton to permeate by means of a Grotthuss mechanism. Our mo-
lecular dynamics simulations do not support the formation of such stable water
wire since it shows a dry zone around residue N264 in the wild type and in
N264 mutants. Mutations of residues D222 and N264 affects single channel
conductance (determined by non-stationary noise analysis) and selectivity, sug-
gesting that both residues are involved in the permeation pathway. Quantum
dynamics simulations performed in our model of the open Ci-Hv1 wt and in
silico mutants suggest that permeation occur through a proton wire involving
residues D160 and D222, a process modulated by N264.
Supported by Beca de Doctorado Nacional para Extranjeros de Conicyt
(A.P), FONDECYT Grants 1110430 (R.L.), 1120802 (C.G.); ANILLO Grant
ACT1104 (C.G.); Postdoctoral Fellowships 3140590 (G.F.C.). CINV is a
Millennium Institute.
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Free Energy Simulations of Ion Translocation through Voltage-Gated Pro-
ton Channel Hv1
Kethika Kulleperuma1,2, Susan M.E. Smith3, Thomas E. DeCoursey4,
Regis Pomes1,2.
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The human voltage-gated proton channel (hHV1) is a transmembrane protein
that is responsible for the selective permeation of protons across cell mem-
branes in nasal mucosa, sperm, and white blood cells. hHV1 is a four-helix
bundle (S1-S4) with anionic Asp112 on S1 forming a salt bridge with cationic
Arg residues on helix S4 in the narrow region of the pore [Kulleperuma et al., J.
Gen. Physiol. 141, 445-465 (2013)]. Mutation of Asp112 to Val abrogates
channel properties. Unexpectedly, replacing Asp112 by a smaller neutral resi-
due such as Ser turns HV1 into an anion selective channel that conducts Cl-, as
does the double mutant D112V-V116S [Musset et al., Nature 480, 273-277
(2012); Morgan et al., J. Gen. Physiol. 142, 625-640 (2013)]. Although HV1
and its mutants exhibit drastic differences in ion permeation, the molecularbasis of proton selectivity in WT and anion selectivity in mutants remains
unexplained.
As the first step towards elucidating the charge selectivity of HV1, we perform
molecular dynamics simulations with umbrella sampling to compute the free
energy profile for the translocation of Naþ and Cl- ions through the pore of a
homology model of HV1 and its mutants. The calculations are repeated in
conformational states of the channel differing in the extent of hydration of
the pore and in the relative arrangements of pore residues. Results show how
ion solvation and electrostatic interactions with charged side chains in the
pore lumen modulate the energetics of ion permeation in HV1 and suggest a
structural basis for charge selectivity.
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Investigating the Potentiation Effect of 2-APB on CRAC Channels
Xiaolan Xu, Sher Ali Syed, Tao Xu.
Institute of Biophysics, CAS, Beijing, China.
2-aminoethyldiphenyl borate (2-APB) elicits both potentiation and inhibition
effect on Ca2þ influx via CRAC channels. In this study we focused on under-
standing the underlying mechanism of its potentiation effect. We identified one
key residue which are just located in the pore region, plays a vital role in the
potentiating effect caused by 2-APB. Mutation of this residue with small side
chain such as C, A, G, completely eliminate the potentiating effect, while mu-
tation with large side chain such as M and I could generate 2-APB induced
potentiation current asWT. Our results imply that the potentiation effect caused
by 2-APB might has a close relationship with the change in the pore diameter.
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Slo2.x Potassium Channels are Involved in the Regulation of Heart
Mitochondrial Function
Charles Owen Smith.
Biochemistry, University of Rochester, Rochester, NY, USA.
Mitochondrial potassium channels (MKCs) are believed to be important in
stress response in the heart. Volatile anesthetic preconditioning (APC) is a
method of protecting the heart from ischemia-reperfusion injury which elicits
evolutionarily-conserved protective signaling pathways that converge at the
mitochondrial level. Work in C. elegans has focused attention on the Slo2
gene product as a transducer of APC effects on hypoxic survival and recent
data from our lab demonstrate that this protective role is conserved in mam-
mals. Slo2 in mammals has diverged into two paralogs, Slo2.1 (KCNT2; Slick)
and Slo2.2 (KCNT1; Slack). These genes code for Naþ-activated Kþ channels
and are highly expressed in brain, but their function in cardiomyocytes and/or
mitochondria is unknown. Examination of these channels has been limited to
pharmacologic profiling which is hampered by overlapping sensitivities and
off-target effects of small molecules. Herein we employed novel genetic dele-
tions of Slo2.1 and Slo2.2 double knockout, Slo2.x dKO, in mice to confirm the
role of these potassium channels in APC and identify their role in endogenous
cardiac mitochondrial function. Preliminary data obtained using Slo2.x dKO
reveal novel metabolic and morphologic phenotypes, indicating a functional
relationship between mitochondrial potassium channels and regulation of
mitochondrial oxidative phosphorylation. These data demonstrate a role of
the Slo2.x gene product in the regulation of cardiac mitochondrial function.
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Human Erythrocyte Mechano-Activated KD Channel A, a Kinetic Study
of Intraburst Activity: Effect of Chlorpromazine
Alejandro Mata1, Jesus G. Romero2.
1Instituto de Biologia Experimental, Universidad Central Venezuela,
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Human red blood cells (hRBCs) have a mean life span of 120 days. However,
little is known about this biological clock. We have presented evidence of the
existence of the Human Erythrocyte Mechano-activated Kþ Channel A
(HEMKCA), whose open probability (Po) depends on the pressure applied
on the membrane. This channel shows a PKþ/PNaþz 100 with a mean conduc-
tance of 21.8 pS and it is modulated by Ca2þ(1)(2). We propose HEMKCA as
the pressure sensor involved in the aging process of hRBCs at microcirculation
level. Here we present a kinetic analysis for the HEMKCA burst activity in
isolated membrane patches with 10 uM Ca2þ. In order to define the Tcrit
we analyzed records with Po R 0.8 (90s), partitioned into windows of 10s.
These records were classified as ‘‘low’’ (Po<0.9) and ‘‘high’’ (PoR0.9)
activity. To determine the rate constants, interval durations were fitted
by their corresponding probability density functions, assuming a Markov
scheme with dead time of 430 us. We found that ‘‘High’’ activity requires at
least two closed states (tau1¼0.2650.019; tau2¼12.2951.43), whereas
‘‘low’’ activity requires at least three closed states (tau1¼0.2550.017;
tau2¼12.3551.45; tau3¼97.92525.92), with one state open in both cases
